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1

METHOD FOR OPERATING A BRAKE AND
AN ASSOCIATED MACHINE, IN
PARTICULAR A ROBOT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application under 35
U.S.C. § 371 of International Patent Application No. PCT/
EP2015/057763, filed Apr. 9, 2015 (pending), which claims
the benefit of German Patent Application No. DE 10 2014
207 072.4 filed Apr. 11, 2014, the disclosures of which are

incorporated by reference herein 1n their entirety.

TECHNICAL FIELD

The mvention relates to a method for operating a brake of
a machine that has a machine control unit and at least one
moveable link that can be actuated by the machine control
unit and that can be adjusted by a drive motor actuated by
the machine control unit, which motor drives a shaft and
which motor, 1n an engaged (closed) position of a brake that
can be automatically actuated by the machine control unit,
can be locked by said brake. The invention also relates to a
machine with a machine control unit, 1n particular a robot
with a robot control unit, which 1s configured and/or
equipped for carrying out such a method.

BACKGROUND

DE 10 2008 041 866 B3 describes a method for checking
a brake of a robot, having the following steps: operation of
a robot having a plurality of spindles, wherein the robot has
a drive allocated to one of the spindles of the plurality of
spindles, a brake allocated to this spindle, which 1s equipped
for at least reducing a movement of this spindle, and a torque
sensor allocated to this spindle that 1s equipped for deter-
mimng the torque acting on this spindle; activation of the
brake; determination of the torque acting on the spindle by
means of the torque sensor with the brake activated, and
assessment of the functionality of the brake on the basis of
an analysis of the torque determined by the torque sensor.

EP 1 239 354 B1 describes a method for controlling and
monitoring a brake mechanism with a nominal torque,
which mechanism 1s allocated to a drive unit of an 1tem of
a piece of mndustrial equipment such as a handling device,
wherein a holding current corresponding to a holding torque
of the drive unit with the brake mechanism released (open)
1s measured and stored, and wherein the drive unit with the
brake mechanism engaged (closed) 1s subjected to a spindle-
specific current value, which subjects the brake mechanism
to a torque that 1s equal to or less than the nominal torque of
the brake mechanism, and the drive 1s stmultaneously moni-
tored for standstill.

EP 0 924 583 A2 describes a method for checking motor
brakes for electric motors, 1n particular of robots, wherein
the electric motor 1s coupled to a mechanical motor brake,
characterized 1n that the mechanical brake to be checked 1s
activated, thereby preventing the rotor of the electric motor
from turning, that the defined startup current fed to the motor
or the startup voltage applied to the motor 1s briefly altered,
that a first value of at least one of the motor parameters
changing as a result 1s determined, that this first value is
compared to a second value of the motor parameter, which
was determined for the same startup current or the same
startup voltage but with the mechanical brake not activated,
and that a failure of the mechanical brake 1s detected on the
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2

basis of the difference between the first value and the second
value of the motor parameter.

SUMMARY

The objective of the mnvention 1s that of creating a method
for operating a brake of a machine, 1n particular an associ-
ated robot with such a brake, the functionality of which can
be checked and by means of which the machine, 1n particular
the robot, can be operated 1n a sale manner.

The objective of the invention 1s achieved by a method for
operating a brake of a machine that has a machine control
unmit and at least one moveable link that can be actuated by
the machine control unit and that can be adjusted by means
of a drive motor actuated by the machine control unit, which
motor drives a shatt and which motor, 1n an engaged position
of a brake that can be automatically actuated by the machine
control unit, can be locked by said brake, said method
having the steps:

Provision of at least two braking torque values that are
determined 1n different rotation angle positions of the
shaft distributed over 360 degrees with the brake
engaged 1n each case,

Analysis of the at least two braking torque values by
comparing one braking torque value with the at least
one other braking torque value, and

Actuation of the machine, the drive motor, and/or the
brake on the basis of a result from the comparison of
the braking torque values.

The object of the invention 1s 1n particular achueved by a
method for operating a brake of a robot that has a robot
control unit and a robot arm actuated by the robot control
unit, which arm has at least a first link, a second link, and a
joint connecting the first link to the second link that can be
adjusted by means of a drive motor, which motor drives a
shaft and which motor, 1n an engaged position of a brake that
can be actuated automatically by the robot control unit, can
be locked by said brake, said method having the steps:

Provision of at least two braking torque values that are
determined 1n different rotation angle positions of the
shaft distributed over 360 degrees, with the brake
engaged 1n each case,

Analysis of the at least two braking torque values by
comparing one braking torque value with the at least
one other braking torque value, and

Actuation of the robot, the drive motor, and/or the brake
on the basis of a result from the comparison of the
braking torque values.

The ivention will be described 1n the following, at times
and 1n particular with reference to a robot as a machine.
Unless explicit reference 1s made to robot-specific aspects,
the technical teaching described 1s also broadly inventively
suited and/or intended for application 1n machines other than
robots.

The brake 1s 1n particular a safety brake. The brake can be
an electromagnetic brake, which 1s configured to be engaged
(closed) 1 a basic state and which can be brought with
spring loading into a released (open) position, 1n which the
brake 1s held open by means of electrical energy and which
brake returns automatically to its engaged position, 1.¢., the
basic state, owing to the spring loading when the electrical
energy 1s removed.

The brake can have a stationary brake part that 1s con-
nected to the first link of the robot arm and a brake part that
1s rotatable 1n a released position of the brake and that sits
on a shait driven by the drive motor, the shait being coupled
to the second link of the robot arm. The drive motor can have
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a motor housing that 1s fixedly connected to, in particular
flange-mounted on, the first link of the robot arm. The drive
motor can have a motor shatt that 1s coupled directly to the
second link or coupled via an 1interposed transmission to the
second link. The mventive shaft, which 1s driven by the drive
motor 1n all alternative embodiments, can be the motor shaft

itsell or a shait connected directly to the motor shaft, or a
shaft coupled indirectly to the motor shait. In particular the
brake can be arranged in the drive chain between the drive
motor and a transmission. In this respect the inventive shaift
can also be a transmission mput shaft. In particular with
transmissions with a low gear ratio of at most 1:10, for
example, the mmventive shaift can optionally also be an
output-side shait, on which the brake sits.

In a special embodiment, provision of at least two braking,
torque values can be made by determining the braking
torque values in different rotation angle positions of the
motor shaft distributed over 360 degrees, with the brake
engaged 1n each case. Here as well, the at least two braking
torque values are analyzed by comparing one braking torque
value with the at least one other braking torque value, and
the robot and/or the brake 1s/are actuated on the basis of a
result from the comparison of the braking torque values of
the different rotation angle positions of the motor shaft.

Braking torque value can be understood to mean the
amount of the torque to be applied to the shait with the brake
engaged 1n normal operation, or rather 1s needed or would be
needed to set the stationary shait in motion despite the brake
being engaged.

Because provision 1s inventively made for recording at
least two braking torque values i1n different rotation angle
positions of the shaft distributed over 360 degrees with the
brake engaged in each case, different braking eflects that
may arise on the same brake can be detected. Such diflerent
braking effects can arise as a function of the respective
rotation angle position of the shaft, in particular of the motor
shaft, 1n which the brake brought the shaft or motor shaift to
a standstill. Possible causes for such rotation angle position-
dependent braking torque values may be component and/or
mounting position and orientation tolerances such as shaits
positioned and oriented slightly off center, shait cross sec-
tions deviating from the 1deal circular shape, or non-coaxial
brake mounting positions and orientations.

In general, the robot can have several joints, a separate
drive motor and a separate brake can be allocated to each
joint, and the mventive method can be implemented on
several or all joints and brakes, respectively, and/or drive
motors of the robot.

With the analysis of the at least two braking torque values
by comparing one braking torque value with the at least one
other braking torque value, 1t 1s possible to determine the
rotation angle positions of the shait, in particular of the
motor shaft, in which the brake has a better braking effect or
a worse braking etlect.

In the subsequent actuation of the robot, of the drive
motor, and/or of the brake on the basis of a result from the
comparison of the braking torque values, the robot, the drive
motor, and/or the brake can be actuated 1n such a way that
the joint comes to a stop 1n a rotation angle position of the
shaft, in particular of the motor shaft, in which the brake has
a better braking eflect than in other rotation angle positions.
In this process, the drive motor can be actively (1.e., forced
by the robot control) turned further until the shait has
reached the rotation angle position with the better braking
eflect. As an alternative or 1n addition, the robot control unait
can actively hold the brake open to a certain extent for a time
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interval so that the shait will be braked with lesser braking
cilect until the rotation angle position with the better braking
ellect 1s reached.

For providing the at least two braking torque values, 1n all
embodiments a corresponding number of brake tests can be
carried out 1n different rotation angle positions of the shaft
distributed over 360 degrees. For carrying out such a brake
test the shatt, 1n particular the motor shait, can be brought
into a first rotation angle position. In this first rotation angle
position, the brake 1s engaged and, with the brake engaged,
the allocated drive motor 1s revved up (1.e., 1ts driving torque
increased) until the shait starts to slide under the engaged
brake. The sliding, 1.¢., the beginning of a shaft revolution,
can be detected by appropriate angle encoders such as
resolvers, mncremental encoders, or absolute angle measure-
ment sensors, 1n particular ones already present in the robot,
and analyzed by the robot control unit. At the point 1n time
when the shaft starts moving under the engaged brake, the
torque applied by the drive motor shortly before this
moment 1s measured and stored as a braking torque allocated
to this rotation angle position. The applied torque can be
determined in particular from the motor currents, but in an
alternative or supplemental embodiment, 1t can also be
measured by separate torque sensors or force sensors, in
particular directly on the shaft. In the same manner as
described, such a brake test can be used for determining and
providing other braking torque values 1n other rotation angle
positions.

In a first variant of the inventive method, the machine
control unit, in particular the robot control unit, automati-
cally provides a brake test result qualifying the brake as
functional 1f at least one of the braking torque values
provided by the brake tests i1s greater than a predetermined
minimum braking torque value. The minimum braking
torque value can be derived from a machine construction- or
rather robot construction-dependent, factory-set torque
value. The minimum braking torque value can also be
calculated from the machine construction- or rather robot
construction-dependent factory-set torque value, 1n particu-
lar with a safety factor added 1n. The result qualifying the
brake as functional can be shown on a display connected to
the machine control unit or robot control unit. As an alter-
native or in addition, the machine control unit or robot
control unit can permit the continued, automatically or
manually controlled operation of the machine or robot on the
basis of this result.

In a second variant of the inventive method, the machine
control unit, in particular the robot control unit, automati-
cally provides a brake test result qualifying the brake as
functional only 11 all of the braking torque values provided
by the brake tests are greater than a predetermined minimum
braking torque value. The mimmum braking torque value
can be derived from a machine construction- or rather robot
construction-dependent, factory-set torque value. The mini-
mum braking torque value can also be calculated from the
machine construction- or rather robot construction-depen-
dent, factory-set torque value, in particular with a safety
factor added in. The result qualitying the brake as functional
can be shown on a display connected to the machine control
unit or robot control unit. As an alternative or 1n addition, the
machine control unit or robot control unit can permit the
continued, automatically or manually controlled operation
of the machine or robot on the basis of this result.

In a third variant of the inventive method, the machine
control unit, in particular the robot control unit, automati-
cally provides a brake test result qualifying the brake as
nonfunctional 11 at least one, in particular all of the braking
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torque values provided by the brake tests 1s/are less than a
predetermined minimum braking torque value. The mini-
mum braking torque value can be derived from a machine
construction- or rather robot construction-dependent, fac-
tory-set torque value. The mimmmum braking torque value
can also be calculated from the machine construction- or
rather robot construction-dependent, factory-set torque
value, 1n particular with a safety factor added in. The result
qualitying the brake as nonfunctional can be shown on a
display connected to the machine control unit or robot
control unit, i particular with a note stating that the brake
must be repaired or replaced. As an alternative or 1n addition,
on the basis of this result the machine control unit or robot
control unit can prevent the continued automatically or
manually controlled operation of the machine, in particular
of the robot, in other words shut down the machine, in
particular the robot, and/or automatically give notification of
a maintenance case.

In a special variant of the inventive method, said method

can have the following steps:

Determination of a first angle range of less than 360
degrees, which includes at least the rotation angle
position of the shaft, in particular of the motor shaft of
the drive motor, 1n which the brake has at least one
braking torque value that 1s less than a predetermined
minimum braking torque value, and

Actuation of the brake and/or of the drive motor, in
particular by means of the machine control unit or the
robot control unit in such a way that when the brake 1s
engaged, the shaft, in particular the motor shaft of the
drive motor, comes to a stop 1n a second angle range
that 1s diflerent from the first angle range.

In a special variant of the mnventive method, said method

can have the following steps:

Determination of a first angle range that 1s less than 360
degrees, which includes at least the rotation angle
position of the shaft, in particular of the motor shaft, in
which the brake has the smallest braking torque value
of all braking torque values, and

Actuation of the brake and/or of the drive motor, in
particular by means of the machine control unit or the
robot control unit 1n such a way that with the brake
engaged, the shait, in particular the motor shait comes
to a stop 1n a second angle range that 1s different from
the first angle range.

In another special variant of the inventive method, said

method can have the following steps:

Determination of one or more first angle ranges less than
360 degrees, which include(s) at least the rotation angle
position of the shaft, in particular of the motor shaft of
the drive motor, in which the brake has braking torque
values that are less than a predetermined minimum
braking torque value,

Determination of one or more second angle ranges less
than 360 degrees, which include(s) at least the rotation
angle position of the shaft, in particular of the motor
shaft of the drive motor, 1n which the brake has braking
torque values that are equal to or greater than a prede-
termined minimum braking torque value, and

Actuation of the brake and/or of the drive motor, 1n
particular by means of the machine control unit or the
robot control unit 1n such a way that with the brake
engaged, the shaft, in particular the motor shaft of the
drive motor comes to a stop in the second angle range
or 1n one of the plurality of second angle ranges.

In a special alternative embodiment of the method, the

first angle range can include the rotation angle position
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corresponding to the smallest braking torque value, 1n par-
ticular 1n the middle of the range. The first angle range can
include up to ca. 270 degrees. In a more special alternative
embodiment, the first angle range can be up to 180 degrees.
In a more special alternative embodiment, the first angle
range can be between 10 degrees and 90 degrees.

In a special alternative embodiment of the method, the
second angle range can include the rotation angle position
corresponding to the greatest braking torque value, 1n par-
ticular 1n the middle of the range. The second angle range
can include up to ca. 270 degrees. In a more special
alternative embodiment, the second angle range can be up to
180 degrees. In a more special alternative embodiment, the
second angle range can be between 10 degrees and 90
degrees.

In all alternative embodiments of the method, the result of
the comparison of the braking torques can be automatically
displayed in particular to a person operating the machine, 1n
particular the robot, 1n particular on a display means con-
nected to the machine, 1n particular to the robot control unat,
and provision can be made such that the machine or robot,
the drive motor, and/or the brake can only be actuated on the
basis of the result from the comparison of the braking torque
values 11 an 1nput means to be actuated by the person 1s
activated.

The 1invention also relates to a method for determining a
minimum braking torque value of a brake of a machine, 1n
particular a robot, which has a machine control unit or robot
control unit and at least one moveable link that can be
actuated by the machine control unit or robot control unit
according to a machine program or robot program and that
can be adjusted by means of a drive motor actuated by the
machine control unit or robot control unit, which motor
drives a shait and which motor, 1n an engaged position of a
brake that can be automatically actuated by the machine
control unit or robot control umt, can be locked by said
brake, in particular also for carrying out a method as
described above, having the steps:

Actuation of the machine, in particular the robot, by the
machine control unit or robot control unit according to
the machine program or robot program,

Determination, in particular measurement of driving
torques of the drive motor 1n several positions or poses
of the at least one link, said positions or poses being
assumed as a result of an execution of the machine
program or robot program,

Selection of the largest driving torque determined, in
particular measured, as a predetermined minimum
braking torque value.

In the case of an exemplary robot, first the robot program
can be completely executed, thus moving the robot nto all
positions, 1.e., poses, assumed by the robot according to the
robot program, wherein during the automatic movement of
the robot according to the robot program, in particular all
drive motors are monitored, 1.e., their driving torques are
logged 1n a stepwise or continuous manner and the largest
driving torque 1s selected from all measured driving torques
and stored as the predetermined minimum braking torque
value. The drniving torques can be measured on the shatt by,
for example, sensors such as force and/or torque sensors, or
calculated from the motor currents of the drive motors.
However, the driving torques can optionally also be deter-
mined on the basis of a dynamic model of the robot by
simulating the movement processes according to the robot
program, 1n other words determined, 1n particular calculated
in an oilline process.
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In a special alternative embodiment of the method for
determining a minimum braking torque value, the selected
driving torque can be stored in the machine control unit or
robot control unit, a minmimum braking torque value can be
predetermined, i particular a mimmum braking torque
value can be manually input into the machine control unit or
robot control unit, and the machine control unit or robot
control unit can be equipped to allow an automatic release
of the brake and/or an automatic movement of the at least
one link only 11 the predetermined mimmum braking torque
value 1s greater than the stored selected driving torque.

The inventively described brake tests and the inventively
described method for determining a minimum braking
torque value verily that a freely selectable reference torque
1s reached by the brake. These reference values can be, for
example, holding torques specified by a brake manufacturer.
Optionally, permanent holding torques of the drive unit
employed can be used to calculate a minimum, as an
alternative or in addition correction factors for measurement
errors that cannot be modeled and/or safety conditions can
be taken 1nto account in order to react to brake wear n a
timely manner.

In particular maximum absolute driving torques across all
poses ol the actual robot application can be used as reference
values. Depending on the technological possibilities, these
values can be determined using torque sensor systems or
drive currents, for example.

In order to prevent, for example, a system programmer
from carrying out the brake test with unsuitable reference
values, the reference values of the brake test can be reported
to the motion planning of the control unit, 1n particular
without the possibility of influence by the system program-
mer. After a positive brake test, the control unit then rejects
all programmed movements that, 1i they were executed,
would lead to static overshoots of the reference values.

Because the reference values are checked against static
driving torques in such an embodiment, preference 1s given
to the choice of the maximum absolute static driving torques
over an application routine as brake test reference values. If
a simulation environment with a static physical model of the
robot 1s available for the robot application, the reference
values can also be determined i advance or oiiline.

The object 15 also mventively achieved with a machine
having a machine control unit and at least one moveable link
than can be actuated by the machine control unit and
adjusted by means of a drive motor actuated by the machine
control unit, which motor drives a shaft and which motor, in
an engaged position of a brake that can be automatically
actuated by the machine control unit, can be locked by said
brake, in particular by a robot having a robot control unit, a
robot arm actuated by the robot control unit and having at
least a first link, a second link, and a joint connecting the first
link to the second link, and at least one drive motor that 1s
configured to adjust the joint, furthermore having a brake
that can be automatically actuated by the robot control unait,
which brake, when 1n an engaged position, locks the motor,
wherein the machine control unit, in particular the robot
control unit, 1s configured and/or equipped to carry out an
inventive method as described.

BRIEF DESCRIPTION OF THE DRAWINGS

Concrete exemplary embodiments of the invention are
explained in greater detail 1n the following description with
reference to the attached figures. Concrete features of these
exemplary embodiments may show general features of the
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invention, regardless in what concrete context they are
mentioned, perhaps analyzed individually or in combina-
tion.

Wherein:

FIG. 1 1s a perspective 1llustration of a robot with a robot
control unit and a robot arm, the joints of which can be
adjusted by electric drive motors,

FIG. 2 1s a schematic 1llustration of an arrangement of a
drive motor and an allocated brake at one of the joints of the
robot arm according to FIG. 1,

FIG. 3 1s a sectional view through an exemplary dnive
motor 1n which a brake 1s integrated, which brake sits on the
motor shatft,

FIG. 4 1s a graphic four quadrant representation of braking
torques of an exemplary brake measured over 360 degrees of
rotation angle positions of a motor shait of an exemplary
drive motor,

FIG. 5 1s the graphic four quadrant representation of the
braking torques of the exemplary brake measured over 360
degrees of rotation angle positions of the motor shait of the
exemplary drive motor according to FIG. 4, with a second,
shaded angle range in which the motor shaft 1s imnventively
supposed to come to a stop,

FIG. 6 1s a graphic four quadrant representation of the
measured braking torques of another brake, 1 particular of
a different design with several, 1.e., three crosshatched
second angle ranges in which the motor shaft 1s inventively
supposed to come to a stop, and

FIG. 7 1s an exemplary flowchart of mventive method
steps.

DETAILED DESCRIPTION

FIG. 1 shows a robot 1, comprising a robot arm 2 and a
robot control unit 12. The robot arm 2 comprises, 1n the case
of the present exemplary embodiment, several links 14
arranged behind one another and connected via joints 13.
The links 14 are in particular a frame 3 and a carousel 4
mounted rotatably about an axis A1 which extends vertically
relative to the frame 3. In the case of the present exemplary
embodiment, other links of the robot arm 2 are a link arm 5,
a cantilever 6, and a preferably multiaxial robot hand 7 with
a Tastening device configured as a flange 8 for fastening an
end effector not shown 1n greater detail. The link arm 5 1s
mounted at the bottom end, ¢.g., on a link arm bearing head
not shown 1n greater detail, on the carousel 4 so that 1t can
pivot about a preferably horizontal axis of rotation A2. At
the upper end of the link arm 5, the cantilever 6 is also
mounted so that 1t can pivot about a likewise preferably
horizontal axis A3. At its end, this cantilever carries the
robot hand 7 with 1ts preferably three axes of rotation A4,
AS, A6.

In the case of the present exemplary embodiment, the
cantilever 6 has an arm housing 9 pivotally mounted on the
link arm 5. A basic hand housing 10 of the cantilever 6 is
mounted on the arm housing 9 so that 1t can pivot about the
axis of rotation A4.

The robot arm 2 can be moved by means of three electric
drive motors 11 in 1ts three basic axes and by means of three
additional electric drive motors 11 in its three hand axes.

The robot control unit 12 of the robot 1 1s designed and/or
equipped to execute a robot program, by which the joints 14
of the robot arm 2 can be automated according to the robot
program or automatically adjusted and/or rotationally
moved 1 a manual drive operation. For this purpose, the
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robot control unit 12 1s connected to the actuatable electric
drive motors 11, which are designed to adjust the joints 14
of the robot arm 2.

By way of an example, one of the drive motors 11 of the
robot 1 according to FIG. 1 1s shown schematically and by
itself 1n FI1G. 2. The illustrated drive motor 11 has a brake 15

that can be automatically actuated by the robot control unit
12 (FIG. 1) and that, 1n an engaged position, locks the drive
motor 11.

The brake 15 1s configured as a safety brake and has a
stationary brake part 16, which 1s connected to the first link
14.1, and a brake part 17 capable of rotating in a released
position of the brake 15, which sits (by means of a spline
shaft connection, for example) on a shait 18 driven by the
drive motor 11, wherein the shaft 18 1s either directly (as
shown) coupled or optionally indirectly coupled to the
second link 14.2 via an interposed transmission (not shown).
In the exemplary embodiment shown, the brake 135 1is
configured as an electromagnetic brake 15. The brake 15 1s
configured to be engaged (closed) 1n a basic state, wherein
it brought with spring tensioning by means of spring coils 19
into a released (open) position, 1n which the brake 15 1s held
open by means of electrical energy by an electromagnet 20.
When the electrical energy 1s removed, the brake 135 auto-
matically returns to 1ts engaged position (i.e., the basic
position) under the spring tensioning, 1n particular by means
of the mechanical spring coils 19.

An exemplary embodiment of a brake 15 integrated in the
drive motor 11 1s shown 1n a sectional view in FIG. 3. Also
in this embodiment, the brake 15 1s configured as a safety
brake and has a stationary brake part 16 and a brake part 17
capable of rotating 1n a released position of the brake 15,
which sits 1n a rotationally fixed manner on the motor shaft
18a driven by the drive motor 11. The brake 13 1s held open
by the electromagnets 20.

FIG. 4 shows the rotation angle-dependent braking
torques 21a, 215 as a function of the motor position, 1.e., the
rotation angle position of the motor shaft 18a of two
independent series of measurements at different drive-side
positions of the motor shait 18a over a full 360 degree
rotation.

An mner circle 22 exemplarily represents the design-
induced, predetermined minimum target braking torque
(minimum braking torque value) specified for this brake 15.
An outer circle 23 exemplarily represents the braking torque
at which a brake 15 1s deemed sufliciently functional. This
can be derived from, for example, the predetermined mini-
mum target braking torque, 1.¢., from the minimum braking,
torque values (inner circle 22) with an added safety factor.

It 1s evident that there are ranges (specifically from O
degrees to 270 degrees 1n the exemplary embodiment 1llus-
trated) of the motor positions, 1.e., ol the rotation angle
position ol the motor shaft 18a, in which the specified
(minimum) braking torque cannot be reached, whereas an at
least satistactory braking torque can be reached in other
ranges (specifically from 270 degrees to ca. 350 degrees in
the exemplary embodiment 1illustrated) of the motor posi-
tion.

FIG. 5 shows the braking torques of the exemplary brake
15 measured over 360 degrees of rotation angle positions of
the motor shait 18a¢ of the exemplary drive motor 11
according to FIG. 4, with a shaded second angle range 24 1n
which the motor shaft should inventively come to a stop.
Hence 1n the illustrated exemplary embodiment of the motor
position, from 270 degrees to ca. 350 degrees an at least
satisfactory braking torque can be reached.
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Hence belore the deactivated state of the robot 1s
assumed, 1f necessary and 11 possible the motor shait 18a of
the exemplary drive motor 11 will assume a rotation angle
position within an 1dentified sector (second angle range 24)
and only then will the brake 15 be engaged (closed).

FIG. 6 shows the measured braking torques (represented
by the line 21) of another exemplary brake, 1n particular of
another design with several, 1.e., three crosshatched second
angle ranges 24.1, 24.2, and 24.3 1n which the motor shaft
should inventively come to a stop.

According to this exemplary progression of the line 21 of
the actual braking torques measured, three angle ranges arise
in which the line 21 reaches and/or exceeds the minimum
braking torque value defined by the circle 22. Hence 1n this
exemplary embodiment there 1s a second angle range 24.1
that includes the angle range from ca. 80 degrees to 185
degrees, another second angle range 24.2 that includes the
angle range from ca. 225 degrees to 275 degrees, and still
another second angle range 24.3 that includes the angle
range from ca. 320 degrees to 350 degrees. An at least
satisfactory braking torque can be reached in these three
angle ranges 24.1, 24.2, and 24.3.

Hence before the deactivated state of the robot 1s
assumed, 11 necessary and i1 possible the motor shaft 18a of
the exemplary drive motor 11 will assume a rotation angle
position within one of these three identified sectors (cross-
hatched second angle ranges 24.1, 24.2, and 24.3) and only
then will the brake 15 be engaged (closed).

According to the exemplary flowchart illustrated 1n FIG.
7, an mventive method has a first step S1 of providing at
least two braking torque values, which are determined 1n
different rotation angle positions of the shaft 18, 18a dis-
tributed over 360 degrees, with the brake 135 engaged 1n each
case. In a second method step S2, an analysis of the at least
two braking torque values 1s performed by comparing one of
the braking torque values with the at least one other braking
torque value. In a third step S3, the robot 1, the drive motor
11, and/or the brake 15 are actuated on the basis of a result
from the comparison of the braking torque values.

For providing the at least two braking torque values 1n
step S1, according to a first alternative a corresponding,
number of brake tests can be performed in different rotation
angle positions of the shait 18, 18a distributed over 360
degrees 1n an intermediate step S1.1.

In the analysis according to step S2, 1n a substep S2.1 the
robot control unit 12 can automatically provide a brake test
result qualifying the brake 15 as functional 11 at least one of
the braking torque values provided by the brake tests 1s
greater than a predetermined minimum braking torque
value.

In the analysis according to step S2, 1n a second substep
S2.2 as an alternative to the substep S2.1 provision can be
made such that the robot control unit 12 automatically
provides a brake test result qualifving the brake 15 as
functional only 1f all of the braking torque values provided
by the brake tests are greater than a predetermined minimum
braking torque value.

As an alternative or 1n addition to the substeps S2.1 and
S2.2, 1 a third substep S2.3 the robot control unit 12 can
automatically provide a brake test result qualitying the brake
15 as nonfunctional 1f at least one, in particular all of the
braking torque values provided by the brake tests 1s/are less
than a predetermined minimum braking torque value.

In another substep S2.4, a first angle range less than 360
degrees can be determined that includes at least the rotation
angle position in which the brake 15 has the smallest braking
torque value of all braking torque values provided.
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In another substep S3.1, the brake 15 and/or the drive
motor 11 can be actuated, in particular by means of the robot
control unit 12, 1 such a way that with the brake 135
engaged, the shait 18, 18a comes to a stop 1n a second angle
range 24 that 1s different from a first angle range 2S5.
In substep S3.1, the first angle range 25, 1n particular a
first angle range 25 of 270 degrees, can comprise the rotation
angle position corresponding to the smallest braking torque
value, 1n particular 1n the middle of the range.
In substep S3.1, the second angle range 24, 1n particular
a second angle range 24 of 90 degrees, can comprise the
rotation angle position corresponding to the greatest braking,
torque value, 1 particular in the middle of the range.
In a supplemental and/or concluding method step S4, the
result of the comparison of the braking torques can be
displayed to a person operating the robot 1 on a display
means 26, 1n particular at the robot control unit 12. The robot
1, the drive motor 11, and/or the brake 15 are then actuated
on the basis of the result from the comparison of the braking
torque values only 1f an input means 27 to be actuated by the
person, in particular an input means 27 connected to the
robot control unit 12, i1s activated.
While the present mmvention has been illustrated by a
description of various embodiments, and while these
embodiments have been described 1n considerable detail, it
1s not intended to restrict or 1n any way limit the scope of the
appended claims to such detail. The various features shown
and described herein may be used alone or 1n any combi-
nation. Additional advantages and modifications will readily
appear to those skilled 1n the art. The invention 1n its broader
aspects 1s therefore not limited to the specific details, rep-
resentative apparatus and method, and illustrative example
shown and described. Accordingly, departures may be made
from such details without departing from the spirit and scope
of the general inventive concept.
What 1s claimed 1s:
1. A method for operating a brake of a machine, the
machine having a control unit and at least one moveable link
actuated by the machine control unit, wherein the link 1s
adjustable by a drive motor that i1s actuated by the machine
control umt, the drive motor driving a shaft and being
lockable by the brake 1n an engaged position of a brake that
1s automatically actuated by the machine control unit, the
method comprising:
providing at least two braking torque values wherein the
brake 1s engaged and that are determined in different
rotation angle positions of the shait distributed over
360 degrees:;

analyzing the at least two braking torque values by
comparing one braking torque value with the at least
one other braking torque value; and

actuating at least one of the machine, the drive motor, or

the brake based on a result from the comparison of the
braking torque values.

2. The method of claim 1, wherein:

the machine 1s a robot, the machine control unit 1s a robot

control unit, and the robot has a robot arm actuated by
the robot control unait;

the robot arm has at least a first link, a second link, and

a jo1nt that connects the first link to the second link and
that can be adjusted by the drive motor, which drives
the shaft and which, in an engaged position of the brake
that 1s automatically actuated by the robot control unait,
1s lockable by the brake; and

at least one of the robot, the drive motor, or the brake are

actuated on the based on the result of the comparison of
the braking torque values.
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3. The method of claim 1, wherein providing the at least
two braking torque values comprises performing a corre-
sponding number of brake tests in diflerent rotation angle
positions of the shait distributed over 360 degrees.

4. The method of claim 3, wherein the machine control
unit automatically provides a brake test result qualitying the
brake as functional when at least one of the braking torque
values provided by the brake tests 1s greater than a prede-
termined minimum braking torque value.

5. The method of claim 3, wherein the machine control
unit automatically provides a brake test result qualitying the
brake as functional only when all of the braking torque
values provided by the brake tests are greater than a prede-
termined minimum braking torque value.

6. The method of claim 3, wherein the machine control
unit automatically provides a brake test result qualitying the
brake as nonfunctional when at least one of the braking
torque values provided by the brake tests 1s less than a
predetermined minimum braking torque value.

7. The method of claim 6 wherein the machine control
unit automatically provides a brake test result qualitying the
brake as nonfunctional when all of the braking torque values
provided by the brake tests 1s less than a predetermined
minimum braking torque value.

8. The method of claim 1, further comprising:

determiming a first angle range less than 360 degrees

which includes at least the rotation angle position of the
shaft in which the brake has at least one braking torque
value that 1s less than a predetermined mimimum brak-
ing torque value; and

actuating at least one of the brake or the dnive motor 1n

such a way that, with the brake engaged, the shait
comes to a stop 1n a second angle range that 1s different
from the first angle range.
9. The method of claim 8, wherein at least one of the brake
or the drive motor 1s actuated by the machine control unait.
10. The method of claim 1, further comprising:
determining a first angle range less than 360 degrees
which includes at least the rotation angle position of the
in which the brake has the smallest braking torque
value of all braking torque values provided; and

actuating at least one of the brake or the drive motor 1n
such a way that, with the brake engaged, the shaft
comes to a stop 1n a second angle range that 1s different
from the first angle range.
11. The method of claim 1, further comprising:
determining one or more {irst angle ranges less than 360
degrees which includes at least the rotation angle
position of the shaft in which the brake has braking
torque values that are less than a predetermined mini-
mum braking torque value;
determining one or more second angle ranges less than
360 degrees which includes at least the rotation angle
position of the shaft in which the brake has braking
torque values that are equal to or greater than a prede-
termined mimimum braking torque value; and

actuating at least one of the brake or the drive motor 1n
such a way that, with the brake engaged, the shait
comes to a stop 1n the second angle range or in one of
the plurality of second angle ranges.

12. The method of claim 1, further comprising

displaying the result of the comparison of the braking

torques on a display; and

actuating the machine based on the result of the compari-

son of the braking torque values only when an input
means to be actuated 1s activated.
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13. A method for determining a mimmum braking torque
value of a brake of a machine having a machine control unit
and at least one moveable link actuated by the machine
control unit 1n accordance with a machine program and that
1s adjustable by a drive motor actuated by the machine
control unit, which motor drives a shaft and which motor, in

an engaged position of a brake that 1s automatically actuated
by the machine control unit, 1s lockable by the brake, the
method comprising:
actuating the machine by the machine control unit or
robot control unit according to the machine program or
the robot program,
determining driving torques of the drive motor 1n several
positions or poses of the at least one link assumed as a
result of execution of the machine program; and
selecting the largest determined driving torque as a pre-
determined minimum braking torque value.
14. The method of claim 13, further comprising:
storing the selected driving torque in the machine control
unit;
predetermining a minimum braking torque value; and
allowing at least one of an automatic release of the brake
or an automatic movement of the at least one link only
when the predetermined minimum braking torque
value 1s greater than the stored selected driving torque.
15. The method of claim 14, wherein predetermining a
mimmum braking torque value comprises receiving a manu-
ally mput value into the machine control unit.
16. A machine comprising a machine control unit and at
least one moveable link actuated by the machine control unit
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and that 1s adjustable by a drive motor actuated by the
machine control unit, which motor drives a shaft and which
motor, 1n an engaged position of a brake that 1s automatically
actuated by the machine control unit, 1s lockable by the
brake;
the machine control unit including program code stored 1n
a non-transitory, computer-readable storage medium
that, when executed by the machine control unit, causes
the machine control unit to:
provide at least two braking torque values wherein the
brake 1s engaged and that are determined in different
rotation angle positions of the shaft distributed over
360 degrees;
analyze the at least two braking torque values by com-
paring one braking torque value with the at least one
other braking torque value; and
actuate at least one of the machine, the drive motor, or the
brake based on a result from the comparison of the
braking torque values.
17. The machine of claim 16, wherein:
the machine 1s a robot, the machine control unit 1s a robot
control unit, and the robot has a robot arm actuated by
the robot control unit; and
the robot arm has at least a first link, a second link, and
a jo1nt that connects the first link to the second link and
that 1s adjustable by the drive motor, which drives the
shaft and which, in an engaged position of the brake
that 1s automatically actuated by the robot control unit,

1s lockable by the brake.
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